Inhibition of the isoprenoid biosynthesis pathway; detection of intermediates by UPLC-MS/MS.
The isoprenoid biosynthesis pathway provides the cell with a variety of compounds which are involved in multiple cellular processes. Inhibition of this pathway with statins and bisphosphonates is widely applied in the treatment of hypercholesterolemia and metabolic bone disease, respectively. In addition, since isoprenylation of proteins is an important therapeutic target in cancer research there is interest in interfering with isoprenoid biosynthesis, for which new inhibitors to block farnesylation and geranylgeranylation of small GTPases are being developed. We recently developed a sensitive method using UPLC-MS/MS that allows the direct detection and quantification of all intermediates of the mevalonate pathway from MVA to GGPP which can be used to verify the specificity of inhibitors of the isoprenoid biosynthesis pathway. We here investigated the specificity of several inhibitors of the isoprenoid biosynthesis pathway in HepG2 cells, fibroblasts and lymphoblasts. The nitrogen-containing bisphosphonates pamidronate and zoledronate specifically inhibit farnesyl pyrophosphate synthase indicated by the accumulation of IPP/DMAPP. However, zaragozic acid A, a squalene synthase inhibitor, causes an increase of MVA in addition to the expected increase of FPP. Analysis of isoprenoid intermediate profiles after incubation with 6-fluoromevalonate showed a very nonspecific result with an increase in MVA, MVAP, MVAPP and IPP/DMAPP. These results show that inhibitors of a particular enzyme of the isoprenoid biosynthesis pathway can have additional effects on other enzymes of the pathway either direct or indirect through accumulation of isoprenoid intermediates. Our method can be used to test new inhibitors and their effect on overall isoprenoid biosynthesis.